A number of new optical effects that result from degenerate four-wave mixing in transparent optical media are proposed and analyzed. The applications are relevant to time-reversed (phase-conjugated) propagation as well as to a new mode of parametric oscillation.
The fields are taken as plane waves 1 Ei(r, t) = 2Ai(ri)ei(wt-ki r) + c.c. 2 with ri the distance along ki. We thus have E1 + k 2 -0, k 3 + k 4 = 0.
(1)
A, (NONDEPLETED PUMP WAVE) We consider a medium with a nonlinear susceptibility x occupying the space 0 < z < L. We are interested in the spatial evolution of waves A 3 and A 4 when subject to the pumping by A 1 and A 2 .
A3(O)
We apply the standard 2 -4 methods of nonlinear optics to solve the wave equation
and, neglecting the depletion of A 1 and A 2 , obtain
took the z direction as that of k 4 , and used the adiabatic
The complex coupling constant x is given by
If we specify the complex amplitudes A:3(L) and A 4 (0) of the two weak waves at their respective input planes
x* coslxjL coslxlL (7) An especially interesting case is that of a single input where we used the fact that k 1 + k 2 = 0, k 3 + k 4 = 0, 
A 4 *(0) which corresponds to oscillation. The four-wave mixing process, in analogy to a backward parametric oscillator, 5 is capable of oscillation without mirror feedback.
The field distribution near the oscillation condition is illustrated in Fig. 2 . Phase conjugation and amplification are also possible under conditions of three-wave backward parametric amplification in crystals. 5 A fundamental difference between the three-wave mixing process and the fourwave process described here is that the former depends on phase matching and the latter does not [note that the sum k, + k 2 -k3-k 4 in the exponents of Eq. (5) is identically zero]. This difference leads to a number of important practical considerations: (1) The three-wave mixing process is limited in practice to crystals of very large birefringence and to large ratios of input and output frequencies-both conditions being necessary to overcome the "unnatural" phase matching condition. 5 (2) Because of its freedom from the need for phase matching, the four-wave phase mixing process can be used to amplify wavefronts of arbitrary complexity.
To prove the last statement we take the input field A 4 in the form of an arbitrary superposition of plane waves using a Fourier expansion
while the output field is taken as 
47r where x is given by Eq. (6) and k = (X/c) n.
A specified input phase front at z = 0 amounts to specifying A 4 *(-kI, 0). Since no mixing takes place at z > L, we take the reflected field A 3 (kI, L) to be zero at the output z = L. With these boundary conditions, the solution to Ec. (14) is 
-i[(fltanixIL)]
A 4 *(x,y,z <0), (17) so that an arbitrarily complex incident wavefront A 4 gives rise, at z < 0, to a reflected and amplified field A:l, which is everywhere the complex conjugate of A 4 . The complex conjugate nature of the reflected wave is important in phase-distortion correction. 6 ' 7 Equation (17) in the limit of lxiL << 1 has been obtained by Hellwarth. 8 His analysis, which was limited to ixiL << 1, does not reveal the possibility of amplification of oscillation.
We have shown above that oscillation results when = 7r/4, which is lower by a factor of 2 than that of the no-mirror case. The presence of an external mirror thus defines the path of lowest threshold. References degenerate in their directions as well as their frequencies with the "pump" waves AI and A 2 - To solve this problem we may add a single reflector along some arbitrary direction, as shown in Fig. 3 . It follows directly from Eq. (7) and the boundary condition imposed by the mirror that the oscillation condition in 
where I r 12 is the reflectivity of the mirror. For a mirror with near-unity reflectivity, oscillation occurs at IxIL
